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ABSTRACT 


Probability of a hit by a single shot or by a ten-shot burst at 
direct or angular approach to a square target is calculated. 
Parameters include dispersion in mils, distance from the target 
in meters, and size of the target in feet. A normal distribution 
is assumed. Solution by linear interpolation of normal curve 
areas from standard tables was accurate to 0.0002 when contrasted 
with integration of the normal curve by Simpson's 1/3 Rule in 
sample problems. 
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FORTRAN PROGRAM 
FOR CALCULATING PROBABILITY OF A HIT ON A SQUARE TARGET 


1. PURPOSE 


To record three variations of a computer program in FORTRAN which 
have been used for calculating the probability of a hit on a square 
upright target based on assumption of a normal distribution in both the 
horizontal and vertical directions. 


2. DISCUSSION 


a. Calculations described below may be performed by use of these 
FORTRAN programs: 


(1) Puy on a square target - detailed calculations for single- 
shot hit probability based on normal curve areas (Program 
R453R). 


(2) Purp On a square target - single shot and ten-shot bursts 


at direct approach and at any two angular approaches with 
provision for regular incrementation of radial standard 
deviation in mils, distance from the target in meters, and 
size of the target in feet. 


(a) Calculated by linear interpolation of normal curve 
areas from standard tables (Program R454R). 


(b) Calculated by integration of the normal curve by 
Simpson's 1/3 Rule (Program R455R). 


b. Sample calculations in this report show the same problem solved 
in the following ways: 


(1) By use of Program R455R with 101 incremental areas, 
(2) By use of Program R455R with 11 incremental areas, 
(3) By use of Frogram R454R. 


c. Values of Py, for the sample problem, rounded to four decimal 
places, varied at most by .0002 whether calculated by Program R455R with 
101 or with 11 incremental areas of integration or by the linear inter- 
polation method of Program R454R. However, calculation by (1) involving 
the 101 incremental areas required approximately 3-1/2 times longer than 

“calculations by (2) and (3). This calculation required 7 minutes on the 
Springfield Armory 8K computer as compared with 2 minutes each for (2) 


and (3). ; 
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3. PROGRAM R453R 
a. DESCRIPTION 


This program gives detailed calculations for probability of 
a hit by a eingle shot based on conversion of a projected radial 
standard deviation in mils to linear standard deviation in feet and 
linear interpolation of 400 stored values of area of the normal curve. 
Range (distance from the target) is given in meters. Load limits 
equal 2074(DECIMAL) words. 


b. QUIPUT AND SAMPLE CALCULATIONS 


(1) Values of the normal curve as read in from cards are 
printed ae the first page of output. 


(2) Second and subsequent pages include columns described 
below. The sample calculations for one line of output 
ere based on a 6.5-mil radial standard deviation de- 
livered at 1500 meters to a 50-foot square target. 


Column 1. 


Column 2. 


Column 3. 


Radial Standard Deviation 


RSD # J 0; + & - 6.5, where OQ, = Gg, 


Linear Standard Deviation 


Conversion Factor for RSD in mils to LSD in feet 


1.5 x _ 3.280833 


1.414216. ° 2047986 


LSD = 6.5 x 3.47984 « 22.6190 feet 


x 25 
Zz Sau «& 1.105 
o 22.61896 ? 


Bi 
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3. PROGRAM R453R - Continued 
b. P EC ULATION 
Column 4. Difference 


Difference between values of normal curve area 
adjacent to 1.1053 


~i. #$ Normal Curve Ares 


1.11 -3665 
1.10 13669 
Difference .0022 


Column 5. Interpolation 
-0022 x (1.1053 - 1.10) x 100 «2 .0012 


Column 6. Area of Normal Curve 


The low adjacent value of Z «= .3643 


Column 7. PHX on Half of Target 


Probability of a hit on half of the target in the 
X direction equals .3643 plus .0012 «2 .3655 


Column 8. [HX on Full Target 


2x .3655 s .7310 


Column 9. Purr on Full Target, X and Y Directions 


-7310 x .7310 2 .5342 


Column 10. Percentage 


=3- 
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3. PROGRAM R4S3R - Continued 
c. INPUT 


(1) Set of 50 cards with values of the normal curve area from 
standard tables, 8 values per card, total of 400 values. 


Column Column 
First Card. 1-4 0040 41-44 0199 
11-14 0080 51-54 0239 
21-24 0120 61-64 0279 
31-34 0160 71-74 0319 
Piftieth Card. 1-4 5000 41-44. 5000 
11-14 5000 51-54 5000 
21-24 5000 61-64 5000 
31-34 5900 71-74 5000 


(2) Followed by Data Cards 


{ Column Variable Name Description 
1-10 RSDIN Initial radial std. dev. - mils 
11-20 RINC Increments of RSD 
21-30 RSDFI Final RSD - mils 
31-40 TARG Length and width of target - feet 
61-50 DIST Range - meters" 
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4. PROGRAM R454R 
a. DESCRIPTION 


This program gives calculations for single-shot and ten-shot 
hit probabilities in a direct approach to the target. In addition, it 
gives single- and ten-shot hit probabilities for targets approached at 
two different angles from the horizontal where, for a 50-foot target 
at approach angle of 25 degrees, 


x s 25 


y = 25 cos 25° 


Load limits equal 2586(DECIMAL) words. 


(1) First page - Values of the normal curve as read in from 
80-column cards. 


(2) Second and subsequent pages - 


Column 


Radial Standard Deviation - mils 
Range - meters 
Target Size - feet 


1 
2 
3 
& Hit Probability, Single Shot - O Degree Approach 
5 Hit Probability, Single Shot - -- Degree Approach 
6 Hit Probability, Single Shot - -- Degree Approach 
7 Hit Probability, Ten Shots - O Degree Approach 
8 Hit Probability, Ten Shots - -- Degree Approach 
9 Hit Probability, Ten Shots - -- Degree Approach 


c. INP 


(1) Set of 50 cards with values of the normal curve area as 
described under Program R453R. 


(2) Followed by Data Cards. 


Column Variable Name Description 
1-5 RSDIN Initial radial standard deviation ~ mils 
6-10 RINC Increments of RSD 
11-15 RSDFI Final RSD 
16-20 DSTIN Initial distance from target - meters 
21-25 DIUC Tucrerierts of distance 


=o 
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4. PROGRAM R454R = Continued 
c. INPUT 
Variable 

Column Name 

26-30 DSTFI Final distance from target 

31-35 TRGIN Initial length an¢ width of target - feet 
36-40 TINC Increnents of target edge 

41-45 TRGFI Final target edge 

46-50 APP1 First approach angle 

51#55 APP2 Second approach angle 

56-60 COUNT Line count per page 


Line count of the sample problem was 44 lines, which includes a 
4eline count for the heading and 40 printed lines of peel Title lines 
and page numbers are not included in the count. 
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5. PROGRAM R455R 
a. DESCRIPTION 


This program gives the same 9-column output as Program R454R, 
but the calculations are based on integration of the normal curve by 


Simpson's 1/3 Rule. The actual integration is carried out by use of 
the equation 


~(e2 
Y(I) « a e (6/2) 


or 


Y(I) s .392944 x EXPF(*-X x X x .5) 


in the SUBROUTINE CVNORM. Load limits equal 2151(DECIMAL) words. 
including the SUBROUTINE. 


b. OUTPUT 
Same as second and subsequent pages of Program R454R except 


thet the final page also gives the number of incremental areas considered 
in the calculations. 


c. INPUT 


(1) First Card, Columns 1-5, number of increments -f£ area to 
be calculated, I format. 


(2) Second Card, Data Card fully described under Program R454R. 
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